Abstract
INTRODUCTION
In mid-2008, the world witnessed a massive global financial crisis/meltdown that originated in the United Sates and quickly spread throughout most developed and emerging economies. While the 2008 crisis was not as destructive as the crash of 1929, the speed at which it spread was magnified because of today's wide-ranging use of advanced technology and telecommunications in global trade. As a result, the world observed a sharp drop in U.S. equity markets in mid-2008 continuing into 2009, as well as the collapse and insolvency of well-established financial institutions such as Lehman Brothers, Bear Stearns, and Merrill Lynch. All of this stemmed from real estate speculation on the part of individuals, banks, and other financial institutions. Accordingly, the 2008 crisis is regarded as the worst financial crisis since the stock market crash of 1929 and the Great Depression of the 1930s.
One concern arising from the 2008 crisis is the effect it has on the structure of the transmission of information and price innovations across financial markets as a whole. It may be possible the world economy is more intertwined from country to country than in previous eras, as can be seen with the number of ratified trade agreements including the North American Free Trade Agreement (NAFTA), the South Asian Free Trade Area (SAFTA), and the European Union Free Trade Agreements (EUFTA). Because of these trade agreements and widely used information technology, countries are more codependent financially and economically, and economic shocks are transmitted rapidly across borders. Therefore, it is essential to examine the behavior of equity markets regarding the transmission of price innovations during the pre-and the post-periods of the 2008 financial crisis so that new policies may help to prevent such crises in the future.
There is a body of literature in finance on the integration of financial markets and the transmission of price innovations and volatilities across financial markets (e.g., Bailey and Stulz, 1990; Koch and Koch, 1991; Cheung and Ho, 1991; Ng, 2000; Longin and Solnik, 2001; Forbes and Rigobon, 2002; Shachmurove, 2005; Wongswan, 2006; Baltzer et al., 2008; Aktan et al., 2009; Yalama, 2009; Dimpfl and Jung, 2012; Peša and Festić, 2012 and Stoica et al., 2015 ) . There are also a few studies that focus on the examination of the impact of global financial crises on the structure of transmission of price information. As an example, Gębka and Serwa (2006) examine the Asian currency crisis and the pre-and the post-impact of the U.S. currency market variations on eight Southeast Asian capital markets. They find the transmission of price shocks is greater in the post-crisis period compared to the pre-crisis period. Similarly, Nam et al. (2008) study the Pacific Basin financial markets and observe a general increase of U.S. price innovations in the region after the financial crisis.
Given the scope and depth of the 2008 global financial crisis, there are a limited number of studies pertaining to the impact of the crisis on the structure of the transmission of price innovations. Chakrabarti (2011) investigates the effects of the crisis on Asia-Pacific equity markets without identifying the nations from which the crisis is originated. Yamamoto (2014) carries the analysis one step further by linking the U.S. crisis to the Asian economic downturn. On the contrary, other studies including Heymans and da Camara (2013) , Kenani et al. (2013) , Islam (2014) and Afnouch and Hammami (2014) , attempt to identify the outsiders that influence the change in the structure of the transmission of price innovations.
The present paper compares the impact of the 2008 global financial crisis on the dynamics of the transmission of price innovations across Southeast Asian countries using GARCH and VAR models on a pre-and post-basis. Specifically, we study exogenous and endogenous price innovations that affect Southeast Asian equity markets during two time periods: (a) 2000 through 2008, the pre-financial crisis period, and (b) 2009 through 2015, the post-financial crisis period. We investigate whether any changes exist in the sensitivity of the Southeast Asian economies to exogenous and endogenous price innovations and shocks.
Our data set contains the daily returns indices of Malaysia, the Philippines, South Korea, Taiwan, and Thailand as endogenous variables, and the daily returns indices of the U.S., the Eurozone, Japan, and China as exogenous variables. The motivation for selecting these countries is twofold: (a) Southeast Asian financial markets have suffered a financial crisis twice in almost 10 years, i.e., the so-called 1997/1998 financial crisis and the 2008 global financial meltdown, and (b) the selected countries in this paper constitute 70.48% and 69.81% of the world gross domestic product in 2007 (pre-crisis) and in 2010 (post-crisis), respectively 1 .In addition, these countries represent 64.48% and 56.32% of global foreign direct investment in 2007 and 2010, respectively 2 .The selected countries also comprise 49.46% and 49.68% of the world market capitalization in 2007 and 2010, respectively 3 . The results of VAR models show that while a shift in exogenous countries does affect the stock market price innovations and volatilities of Southeast Asian countries, Southeast Asian equity markets are generally affected by their own price innovations during both the pre-and post-crisis periods. However, we also find these countries are less influenced by their own price shocks during the post-financial crisis compared to the pre-crisis period. These findings suggest the equity markets of Southeast Asian countries are only slightly more influenced by the exogenous price innovations following the global financial crisis, implying that the financial markets are still closely integrated even after the crisis. The ARCH and GARCH indicate that the stock markets of Southeast Asian are more responsive to their own price innovations, although some response to the U.S. and the Eurozone shocks is also observed.
The rest of the paper is organized as follows: Section 2 explains the data and methodology. Section 3 describes the empirical results, and Section 4 presents a summary and conclusions.
DATA AND METHODOLOGY

Data
We compile the data for this study from Global Financial Data (GFD). It contains the daily closing stock indices of Malaysia, the Philippines, South Korea, Taiwan, and Thailand as endogenous stock indices, and the daily closing stock indices of the U.S., the Eurozone, Japan, and China as endogenous stock indices. Our sample covers a period from January 5, 2000 to June 24, 2015, which is used to generate two subsamples: the pre-crisis and the post-crisis periods. 
Methodology
We employ two time-series econometric models (Vector Autoregressive, VAR and Generalized Autoregressive Conditional Heteroscedasticity, GARCH) to study the reaction of the selected Southeast Asian returns to endogenous and exogenous price innovations and shocks. We believe VAR is appropriate model for our study since our objective is to examine the relationship between home country return series and its own lag returns and other countries' lag return series. Furthermore, GARCH (1,1) model is suitable for our analysis because, as is the characteristics of the time series return data, volatility of the returns is not constant and they are exposed to heteroskedasticity and time varying volatility.
The VAR model is specified as follows:
where: R it is the daily return of endogenous stock returns (Malaysia, the Philippines, South Korea, Taiwan, and Thailand) and R US , R Eurozone, R Japan and R China are daily stock returns of the U.S., the Eurozone, Japan, and China, respectively.
As can be seen in model (2), the daily return of each country is a function of the lag value of all returns in the system. VAR specification provides the possibility to examine the degree of responsiveness of each endogenous stock market to its own price innovations and price shocks from exogenous stock markets. We estimate an unrestricted version of VAR because the Johansen test indicates the returns included in the system are not co-integrated. We use model (2) to run impulse response function to investigate the dynamic responses of the returns of each country to home country price innovations, as well as the price innovations from the endogenous countries. To test whether the global financial meltdown has changed the structure of the responses to price innovations, we estimate model (2) using the pre-crisis and the post-crisis data sets, respectively.
Additionally, we use GARCH (1,1) model to investigate the degree of exogenous dependency between the returns of Malaysia, the Philippines, South Korea, Taiwan, and Thailand and the stock markets of the U.S., the Eurozone, Japan, and China. One advantage of GARCH model is that it shows whether the return volatility of each endogenous stock market is affected by its own price innovations, return volatility or the price innovations from the exogenous stock markets. Therefore, the results may reveal which advanced country contributes to the volatility of returns in Southeast Asian countries during the pre-versus the post-global financial meltdown periods. GARCH (1,1) model is specified as follows:
where, R it is the daily return for the equity market index in each South East Asian country (Malaysia, the Philippines, South Korea, Taiwan, and Thailand), L is the lag operator, h t is the conditional variance of South East Asian series, R US , R Eurozone, R Japan and R China are daily stock returns of the U.S., the Eurozone, Japan, and China, respectively, and vectors of parameters to be estimated, and e t is a random error term. R US , R Eurozone, R Japan and R China are included in the models to capture the impacts of the advanced markets on Southeast Asia stock market volatility during the pre-and the postglobal financial meltdown periods.
A stable conditional variance process requires that , , and . The speed of volatility in response to the price innovations and persistence of the model is evaluated by the sum of (ARCH coefficient) and (GARCH coefficient). If + <1, then the impact of price innovations on market volatility has a persistent effect on the conditional variance, and if + =1, the price innovations have a permanent impact on the conditional variance. The persistence of price innovation to volatility increases as + converges to 1. In the occurrence of price innovations from the U.S., the Eurozone, Japan, or China, the persistence of variance, as measured by the sum of ARCH and GARCH coefficients, should fall following a price innovation.
EMPIRICAL RESULTS
As mentioned earlier, we use the daily index returns from Malaysia, the Philippines, South Korea, Taiwan, and Thailand as endogenous variables, and the daily index returns of the U.S., the Eurozone, Japan, and China as endogenous variables. Table no. 1 reports the list of the selected countries, the stock indices, and the descriptive statistics of the returns for each country before and after the global financial meltdown. As can be seen, in all countries selected, daily mean returns in the post-global financial meltdown period are higher compared to those in the pre-global financial meltdown period. In addition, the volatilities of the stock returns, measured by standard deviations, are lower during the post-global financial meltdown compared to the pre-global crisis. Table no. 2 and Table no . 3 display the correlation matrics of returns among selected countries before and after the global finance meltdown. It is interesting to discover that in all cases, the correlation of returns is higher during the post-global financial crisis than during the pre-global financial crisis. Furthermore, we note that the correlations between the U.S. stock returns and other selected countries have increased following the financial crisis. This increase in correlation suggests the U.S. equity market and other selected equity markets have become even more integrated following the crisis. We estimate VAR models using each country's past returns in addition to the returns from the U.S., the Eurozone, Japan, and China as exogenous variables. Following the estimation of the VAR models, we obtain the forecast error variance decomposition, which shows to what extent the forecast error variance of each return series (of selected countries) can be explained by price innovations and shocks from the U.S., the Eurozone, Japan, and China. Table no. 4 and Table no . 5 display the decomposition of forecast error variances of daily index returns for the selected Southeast Asian equity markets during the pre-and the postglobal financial meltdown periods, respectively. The last five columns of each table show how the proportions of the total forecast error for each selected country are accounted for by its own price innovations and by the price shocks from the U.S., the Eurozone, Japan, and China. We have reported the daily variance decomposition forecast for two to 10 days ahead. As can be seen, during both the pre-and the post-global financial meltdown for each selected country, more than 98% of the movement in return is explained by its own random price innovations. The combined and individual impact of the price innovations from the U.S., the Eurozone, Japan, and China on the volatility of returns of selected countries is relatively trivial during either the pre-or the post-financial meltdown periods. However, the individual impact of the U.S. innovations is generally higher during the post-financial crisis, indicating that dependency of the Southeast Asian equity markets on U.S. equity has increased.
We employ a maximum likelihood approach to estimate GARCH (1,1) models (3) through (7) under three assumptions: (i) the return volatility of the endogenous country is only affected by internal ARCH and GARCH shocks, (ii) the return volatility of the endogenous country is influenced by both internal shocks and by shocks from one of the endogenous countries (i.e., the U.S., the Eurozone, Japan, and China) one at a time, and (iii) the return volatility is affected by internal shocks and by price innovations from the U.S., the Eurozone, Japan, and China all at the same time. We estimate GARCH (1,1) models under (i) through (iii) assumptions using the pre-and the post-global financial crisis data. The results are presented in Table no. 6 and Table no . 7, respectively. According to Table no. 6, under assumption (i), both coefficients of ARCH term ( ) and coefficients of GARCH term ( ) are statistically significant at the 1% level for all selected countries. This suggests that today's home country stock return volatility is affected by previous day's information about price innovation (ARCH effect) and by previous day's return volatility (GARCH effect). Furthermore, Table no. 6 reveals that under assumption (ii) ARCH and GARCH effects are significant for all endogenous countries. In addition, the price innovations from the U.S. and the Eurozone affect all of the endogenous countries except for the Philippines and Thailand. While endogenous countries are affected by their own shocks and shocks from Japan, China's price innovations do not influence any endogenous countries except for Thailand. Finally, under assumption (iii) the price innovations in Malaysia and Taiwan are affected not only by their own innovations, but also are affected by all endogenous countries, implying these two countries are highly integrated with the international equity markets. Besides being affected by their own price innovations, the Philippines is affected by the U.S. and the Eurozone; however Thailand seems to be more integrated with Southeast Asian markets. The results also suggest the South Korea equity market is probably the most isolated market among the Southeast Asian markets pre-crisis because it is mostly affected by its own price innovations and some shocks from Japan. Table no. 7 reports the GARCH models in the post-financial crisis period. We find that ARCH and GARCH effects are still significant when we study Southeast Asian county in isolation of international equity markets. However, the Philippines and Thailand become more integrated with U.S. and Eurozone equity markets during the post-financial crisis period. Further analyses show that, in general, the Southeast Asian equity markets have become less integrated with international equity markets as we find fewer numbers of coefficients are significant under assumption (iii). Finally, as Table no. 6 and Table no. 7 show, the sum of and is less than unity, suggesting the impact of price innovations on market volatility has a persistent effect on conditional variance in all countries.
SUMMARY AND CONCLUSION
In this paper, we employ two sets of econometric models, VAR and GARCH, to investigate the impact of the 2008 global financial crisis on the transmission of price innovations from the U.S., the Eurozone, Japan, and China as exogenous countries, to selected Southeast Asian equity markets as endogenous countries. The results indicate the post-crisis period has generally brought higher correlations of returns among countries of the sample, especially between the U.S. stock market and selected Southeast Asian economies. Additionally, the findings suggest price innovations from the U.S. and the Eurozone affect all of the endogenous countries except the Philippines and Thailand in the pre-crisis period. However, it is observed that endogenous countries are significantly more influenced by their own shocks rather than shocks from outside the region during both the pre-and the post-financial crisis periods.
One interesting finding is that China does not have any statistically significant effect on any of the countries except Thailand. This is contrary to the expectation that China should affect many or all of the endogenous countries due to proximity and being the second largest economy in the world. With this said, China mainly exports with little importing from low cost labor countries, and this may be a reason China has little effect. Another possible explanation may be China's stock market has not developed or integrated into the world economy at the same extent as the U.S. or the Eurozone stock markets.
Of the endogenous country group, Malaysia, South Korea, and Taiwan are affected by all of the exogenous countries in pre-and post-crisis, except in the case of China, which only influences South Korea and Taiwan during the post-crisis. These three countries have more matured capital markets and have been part of the global economy for many years. We also observe that the Philippines and Thailand become more integrated with the U.S. and the Eurozone equity markets during the post-crisis. This may be due to the dependence of these countries on the U.S. and the Eurozone both economically and politically.
The significant transmission of price innovations from the U.S. and the Eurozone to Southeast Asian equity markets may be due to the global strength and dominance of the U.S. and the Eurozone economies, and increased trade between endogenous counties and the U.S. and the Eurozone. Consequently, one can conclude despite the fact that the 2008 global financial crisis originated from the U.S. and spread over the globe, the Southeast Asian countries, to a significant degree, continue to be internationally integrated.
The findings of this study provide valuable information to the international portfolio managers regarding the makeup and diffusion of price innovations among Southwest Asian stock markets, which may help them to construct optimal portfolios. The results may also aid the policymakers in the formulation of international finance and trade policies.
